The surgical treatment of pharmacoresistant temporal lobe epilepsy is increasing rapidly. The correlation of preoperative MRI, histopathological findings, and postoperative seizure control is reported for 178 patients with chronic medically intractable temporal lobe epilepsy who were operated on between November 1987 and January 1993. Histopathologically there were distinct structural abnormalities in 97-2% of the surgical specimens. Signal abnormalities on MRI were present in 98-7% of patients with neoplastic lesions (n = 79), 76'6% of patients with non-neoplastic focal lesions (n = 55), and 69-2% of patients with Ammon's horn sclerosis (n = 39). Overall, structural abnormalities were detected by MRI in 82-7% of all patients. The mean postoperative follow up period was three years. Some 92% of the patients benefited from surgery: 103 patients (61.7%) were seizure free, 26 (15.5%) had no more than two seizures a year, and 24 (14-4%) showed a reduction of seizure frequency of at least 75%. Fourteen patients (8.4%) had a <75% reduction of seizure frequency. The percentage of patients who were completely free of seizures after operation was 68-5% for patients with neoplastic lesions, 66-7% for Ammon's horn sclerosis, and 54-0% for patients with non-neoplastic focal lesions. By contrast, none of the patients in whom histopathological findings were normal became seizure free postoperatively. The data show that the presence of focal lesions or Ammon's horn sclerosis as determined by histopathological examination is associated with improved postoperative seizure control compared with patients without specific pathological findings. Brain MRI was very sensitive in detecting neoplasms; however, its sensitivity and specificity were limited with respect to non-neoplastic focal lesions and Ammon's horn sclerosis. Improvement of imaging techniques may provide a more precise definition of structural lesions in these cases and facilitate limited surgical resections of the epileptogenic area rather than standardised anatomical resections. (7 Neurol Neurosurg Psychiatry 1995;58:666-673) 
<75% reduction of seizure frequency. The percentage of patients who were completely free of seizures after operation was 68-5% for patients with neoplastic lesions, 66-7% for Ammon's horn sclerosis, and 54-0% for patients with non-neoplastic focal lesions. By contrast, none of the patients in whom histopathological findings were normal became seizure free postoperatively. The data show that the presence of focal lesions or Ammon's horn sclerosis as determined by histopathological examination is associated with improved postoperative seizure control compared with patients without specific pathological findings. Brain MRI was very sensitive in detecting neoplasms; however, its sensitivity and specificity were limited with respect to non-neoplastic focal lesions and Ammon's horn sclerosis. Improvement of imaging techniques may provide a more precise definition of structural lesions in these cases and facilitate limited surgical resections of the epileptogenic area rather than standardised anatomical resections. (7 Neurol Neurosurg Psychiatry 1995;58:666-673) Keywords: epilepsy; temporal lobe; magnetic resonance imaging; histopathology Temporal lobe epilepsy is the most common form of epilepsy, with a prevalence of around 0 1% in the general population.' Despite optimal pharmacotherapy, about 30% of the patients do not become seizure free. 2 Recently, there has been increased interest in the relation between structural lesions and epileptic seizures. Abnormalities that are often found in association with intractable seizures include low grade tumours,3-'3 non-tumorous disorders,"4-19 and Ammon's horn sclerosis.2024 Moreover, the presence of a "dual pathology"-that is, a focal lesion in association with Ammon's horn sclerosis-has been found in many cases. [25] [26] [27] Magnetic resonance imaging has been found to be valuable for both identification and localisation of various lesions. [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] Most recent reports on temporal lobe epilepsy have been limited-to small numbers of patients and predominantly consider specific aspects. Here we provide a comprehensive report on 178 patients with a mean follow up period of three years. The relation between clinical, radiological, and histopathological findings and postoperative seizure control is presented in detail. (41 8% ). Of these, 61 patients had subdural electrodes only, and 13 had both subdural and depth electrodes. The site and extent of the resection were based mainly on the ictal and interictal EEG pattern and-if presenton the site of a localised structural lesion as determined by MRI. Other information was used to confirm the location of the epileptogenic area and to assess the risks and prognosis of resecting this. The information included a detailed evaluation of seizure history and semiology, neuropsychological studies, psychiatric evaluation, and intracarotid amylobarbitone testing in most cases. Studies with single proton emission computed tomography (SPECT) have been performed in a subgroup of patients. A detailed analysis will be published elsewhere. 39 In all, 168 MRI examinations were available for review. Of these, about 50% were performed at the University of Bonn Medical Centre. The rest were done at various other institutions. At our institution, MRI was carried out with a 1-5 Tesla unit (Philips Gyroscan S15) with at least sagittal TI weighted images (TR/TE/slice thickness = 500-600 ms/15-25 ms/8-10 mm) and axial proton density weighted and T2 weighted images (TR/TE/slice-thickness = 2000-2500 ms/20-30 and 80-120 ms/6-8 mm). Usually, spin echo scans were performed. T2 weighted gradient echo scans were done only rarely. If a tumour was suspected, additional coronal and axial Ti weighted images with and without gadolinium-DTPA were acquired with similar parameters. If there was prior evidence for a temporal focal lesion, axial images were often acquired with a modified angulation parallel to the long axis of the temporal lobe-that is, about 250 off the orbitomeatal line.
Patients and methods
Examinations with MRI from other institutions included a wide range of technical variations. Employing systems of various manufacturers and field strengths, slices were generally 1-2 mm thicker than those obtained at our institution, whereas acquisition of one TI weighted and one T2 weighted scan in two different planes was standard. Some- times, no proton density weighted images had been performed. The modified "temporal" orientation for axial images was not used in these examinations. The differences in imaging techniques reflect the fact that there is no standardised protocol for the examination of patients with temporal lobe epilepsy.
All preoperative MRI studies were retrospectively evaluated by a neuroradiologist with no other information available. Findings on MRI were classified as follows: tumour, non-tumorous lesion, signal abnormalities of "uncertain" significance, Ammon's horn sclerosis, and no detectable abnormality. The term "uncertain" was used with respect to the interpretation of imaging studies if the findings were not conclusive due to insufficient image quality, questionable partial volume effects, or the lack of appropriate sequences or sectional planes. The diagnosis of Ammon's horn sclerosis was based on the following criteria: increased signal on T2 weighted images or temporomesial atrophy with an enlarged temporal horn of the lateral ventricle. Volumetric measurements of hippocampal size were not performed.
The following surgical procedures were performed: anterior temporal lobectomy (standard or "keyhole") with hippocampectomy (n = 144), anterior temporal lobectomy without hippocampectomy (n = 8), extended lesionectomy with hippocampectomy (n = 9), extended lesionectomy without hippocampectomy (n = 15), and selective amygdalohippocampectomy (n = 2) (fig 1) . Thirteen patients in whom anterior temporal lobectomy with hippocampectomy was performed had been operated on previously at other institutions for tumours; however, their seizure outcome had not been improved.
All operations were performed under general anaesthesia without intraoperative electrocorticography. In every case, complete removal of a radiologically identified lesion was intended. A standard anterior temporal lobectomy consisted of a 4-5 cm (non-dominant hemisphere) and 4 cm (dominant hemisphere) resection of the superior and middle temporal gyri and a 5*5 cm (non-dominant hemisphere) and 5 cm (dominant hemisphere) resection of the inferior temporal gyrus. This was followed by removal of the amygdala, the parahippocampal uncus, and total resection of the hippocampus and parahippocampal gyrus. If there was adequate memory performance of the non-operated temporal lobe as evaluated by neuropsychometric and intracarotidal amylobarbitone testing, the anterior 3 to 3-5 cm of the parahippocampal gyrus and hippocampus were resected.
In cases with insufficient contralateral memory performance, resection of the hippocampus was limited to 1-2 cm, or the hippocampus was preserved completely. Extended lesionectomy was performed by an anterolateral or posterolateral approach depending on the location of the lesion. In some patients, these procedures were combined with amygdalohippocampectomy.
Selective amygdalohippocampectomy was performed by the trans-sylvian route as described by Wieser and Yasargil.40 All glass slides of operative specimens were reviewed by two neuropathologists. Sections stained with haematoxylin and eosin were available from all cases. In most specimens there were also slides with Nissl stains and combined haematoxylin-eosin-luxol-fast blue stains available. In selected cases additional special stains (elastic van Gieson, reticulin, Bodian) were used. In all tumour cases some or all of the following immunohistochemical reactions were carried out: glial fibrillary acid protein, synaptophysin, neurofilament protein, neuron specific enolase, and S 100 protein. Tumours were classified according to the revised World Health Organisation classification for tumours of the nervous system.40 Histological findings were divided into four groups: neoplasm, non-neoplastic focal lesion, Ammon's horn sclerosis, and absence of specific histopathological alterations.
Follow up information, available from 167 patients, was based on regular outpatient visits to hospital at three to 12 month intervals. Postoperative observation time ranged from 12 to 72 months (mean three years). With respect to the postoperative seizure state, patients were assigned to four different outcome classes as described by Engel et al30: (a) seizure free or only auras since surgery, (b) rare seizures (4 2 per year), (c) reduction of seizure frequency >75%, and (d) unchanged (<75% reduction of seizure frequency). Student's t test was used for statistical comparison of continuous variables if the distribution was normal, and Wilcoxon's test if it was not. Discrete variables were compared by cross tabulation.
Results

CLINICAL FINDINGS
There were 82 male and 96 female patients with ages ranging from 3 to 64 years and a mean age of 27-7 years. All patients had complex partial seizures, 78 of them with secondary seizure generalisation.
Patients' ages at onset of seizures ranged between 1 and 45 (mean 15-9) years. Table 6 shows the outcome of patients with respect to seizure control. In total, 91 6% of the patients were seizure free or had a worthwhile improvement after surgery, whereas 8-4% had no appreciable reduction in seizure frequency or were unchanged. We did not encounter any significant differences in seizure outcome with respect to the side of operation (right v left). The most favourable results were in patients with neoplastic lesions and Ammon's horn sclerosis. With these histopathological diagnoses, 68-5% and 66-7% of patients were seizure free. The ratio of seizure free patients with non-neoplastic focal lesions was somewhat lower (54 0%). These differences were statistically significant (P < 0-05). None of the five patients in whom there were no specific histopathological findings became seizure free postoperatively (table  7) . The differences in seizure outcome between patients without specific histopathological alterations and those with the diagnosis of a focal lesion or Ammon's horn sclerosis were highly significant (P < 0-001).
Discussion
The surgical management of epilepsy involves the identification of the epileptogenic cortex and its excision as completely as possible.3643 Despite complex diagnostic tools the definition of the epileptogenic area remains hypothetical. It is generally accepted, however, that structural abnormalities play a significant part in epileptogenesis and that altered brain has to be removed completely to achieve seizure control. Brain MRI has proved to be highly sensitive both for detection and localisation of structural lesions. 1528323844-47 This study of 178 patients treated surgically for temporal lobe epilepsy was designed to evaluate the sensitivity and specificity of MRI for identifying structural abnormalities and to define the relevance of histopathological findings with respect to seizure control.
In our series, histopathological examination showed definite structural abnormalities in 173 of 178 specimens (97.2%). Forty nine patients who did not show a focal lesion and whom histopathological findings did not allow definite conclusions as to the presence or absence of Ammon's horn sclerosis were excluded from the total series of patients operated on during the respective period. Neoplastic lesions occurred most often (44 4%), and all but two tumours were histopathologically benign. Among non-neoplastic focal lesions (309%), hamartias and cavernomas were predominant. The relatively low rate of definite Ammon's horn sclerosis (21-9%) reflects the fact that many specimens submitted for pathological evaluation consisted only of small tissue fragments that did not allow a reliable identification of the different segments of Ammon's horn. In many cases the lack of an appropriate specimen was due to the extensive use of ultrasonic aspiration. Regarding only specimens in which the hippocampal formation was well preserved (n = 72), 72-2% showed Ammon's horn sclerosis. This number includes coincidence of Ammon's horn sclerosis with focal lesions as a dual pathology (25-0% of focal lesions). Thus Ammon's horn sclerosis represents the most Figure 4 Glioneuronal hamartia. MRI with four coronal T2 weighted slices shows a pardy cystic lesion with pronounced cortical and subcortical hyperintensity in the right mesial temporal lobe.
important structural abnormnality in temporal lobe epilepsy, whereas low grade gliomas and non-neoplastic focal lesions are found with a lower frequency. 12 23 24 26 47 48 The fact that almost all lesions found in our patients were histopathologically benign corresponds well with the usually long history of seizures, which was similar in patients with and without lesions, although the age at time of surgery and the age at the first onset of seizures was significantly lower in patients with focal lesions than in those without focal lesions. The high anatomical resolution and the lack of artifacts from overlying bone have been stressed as advantages of MRI over CT; MRI is more sensitive in detecting small structural lesions than CT with the exception of small areas of calcification for which CT is more sensitive.'346 [49] [50] [51] [52] uous; however, in all of these cases the quality of the images was unsatisfactory. Volumetric or signalometric measurements of the hippocampus may represent a valuable diagnostic tool for demonstration and quantification of hippocampal sclerosis.345354 These measurements have not been performed at our institution so far. With respect to seizure outcome, about 92% of our patients benefited from surgery. These results correspond favourably with those reported from other centres.30 "5 We did not encounter significant differences in seizure outcome comparing the side of surgery (right v left). Patients with Ammon's horn sclerosis or focal lesions had a significantly better outcome than patients without specific histopathological findings. It seems to be remarkable that none of the patients in whom specific structural changes were absent became seizure free postoperatively. This indicates that histopathological evaluation provides prognostically relevant information.
Controversy exists with respect to the surgical approach in temporal lobe epilepsy and intraoperative techniques. At some centres the indication for surgery is based on the location of interictal events as determined by scalp EEG, and the resection is carried out under local anaesthesia and tailored to the results of intraoperative electrocorticography (ECoG) and functional mapping.58-60 Other centres base the selection of surgical candidates on extraoperative recordings of seizure onset through depth electrodes. This is followed by an anatomically standardised resection that may be either a standard anterior temporal lobectomy with resection of both mesial and lateral structures6' or a more limited resection such as a selective amygdalohippocampectomy. 40 In the present series, we have combined features of these two opposite approaches. The definition of the epileptogenic area was based on extraoperative evaluation of the seizure focus. In earlier non-lesional cases, resection of lateral structures was a standardised removal of the anterior 4 to We thank DK Boker and W Entzian for their contribution to this study.
